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Hydrogen Hazards Analysis Approach 
Summary 
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Materials selection 
H 2 system operation 


Course Objectives (cont.) 
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Identify numerous parameters important to 
H 2 safety 


We Will Show 



...while stressing appropriate precautions 
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Course instructors 
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Technical Judgment 
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Battery Box Explosion 

Old JSC Water Immersion Facility 

(January 29, 1972) 
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In a seemingly conventional application 
such as this sealed battery box... 




. . . the box lid killed one worker and severely injured 
another before puncturing a 35-ft-high concrete ceiling 
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Tube Trailer Accident (cont.) 



The mixture detonated at -550 psi 
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Tube Trailer Accident (cont.) 



Tubes and shrapnel were hurled 1250 ft, 
and several employees were burned 
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H 2 Vent Line Explosion (cont.) 



H 2 Vent Line Explosion (cont.) 




H 2 Vent Line Explosion (cont.) 



H 2 Vent Line Explosion (cont.) 



Hydrogen Balloon Accident 
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Why Study H 2 Safety? 
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Fats/fatty acids 
Blanketing 


Hydrogen Production 
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82 tons per day (USA 1986) 


Accidents occur.. 



..but looks can be deceiving 



Tanker Truck Fire 





Tanker Truck Fire (cont.) 
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Air Products data (1967-1989) 
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Hindenburg Misconception 



Hindenburg Misconception (cont.) 



What has been seen 
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Physical Properties 

Hydro (water) + genes (forming) = Hydrogen 
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Energy Properties 
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Hydrogen mass to volume conversions 

- 1 kg H2 = 423 scf = 1 1.13 Nm 3 (normal m 


Gaseous Hydrogen Properties 
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Liquid Hydrogen Properties 
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liquid density in N I r gas 

Triple point 13.8 K, 7.04 kPa 

Thermal expansion 0.0164 K 1 


mal Expansion Coefficients 
of Some Cryogens 8 
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Helium 0.2100 

a Source: Edeskuty and Stewart 1996. Data for NBP. 
b Included for comparative purpose. 
c 23.4 times that for water. 


Hydrogen Combustion 
Requirements 
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and overpressure 

Note: Both deflagration and detonation can appear as an 

explosion to the human senses 
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Deflagration 
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accelerated flames trip to detonation by turbulence 
or reflection of shock waves. 


Deflagration in Open Air Following 5 Gallon LH2 Spill 




Detonation 
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Hydrogen Combustion 
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Remember: Hydrogen must be mixed with an oxidizer [air, 

Cl, F, N 2 0 4 , etc..] to burn 
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Data is for parahydrogen but is applicable to ortho or normal hydrogen 
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Mechanical pressure relief for confined 
volumes is adequate 
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Protection of vessels by mechanical relief devices 
marginal for fully accelerated flames 
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initiation energies, better determinations are based 
on cell size information 
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Effects of fire 
Blast (overpressure) 
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Formation of Combustible Mixtures 
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Internal contamination 
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Occurs from one part of system to another 
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Clothing (static 
electricity) 


Mechanical Ignition Sources 
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Thermal Ignition Sources 
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Systems at Consumer Locations 
CGA G-5.6, Hydrogen Pipeline Systems 
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electrical storms 
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Typical materials 

Application LH 2 or SLH 2 

Valves Forged, machined, and cast valve bodies (304 or 3 1 6 stainless steel, or brass) with Appropriate industrial products 1 
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Relief Devices 
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Vacuum Subsystem (cont.) 
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Filters, heat exchangers, pumps 
Lines and fittings 
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General Facility Design 
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Simulated Spill 
1 500 Gal LH2 in 30 seconds 
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Stationary Containers, Cylinders, and Tanks [supersedes NFPA 
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Compressed Gases and Cryogenic Fluids in Portable and 
Stationary Containers, Cylinders, and Tanks [supersedes NFPA 
50 B] 


Siting for Propellant Applications 
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Cooldown Issues (cont.) 
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Cooldown Issues (cont.) 
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Be alert to changes in operating 
conditions 
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Why Perform a Hazards Analysis? 
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Hazards Analysis Overview 
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Hazards Analysis Overview (cont.) 
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Assess Reaction Effects 


Failure Effects Consideration 
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hat are the overall risks to system 
ers, mission, or business? 


Sample Analysis 
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The focus of the sample analysis is on 
the back-pressure regulator componer 
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Hazards Analysis Chart 
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. The following leak paths are considered: 
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and the fact that these materials are used in bellows and springs , it is recommended that 
a fatigue analysis be conducted to determine the life of the parts. After assembly the 
component attached to the manifold is proofed to 1.5 times MDP and then tested for 
leaks at MDP using helium. 


2. Cap leakage from the exterior can result in pressurizing the vacuum enclosure to 0.25 
psia. If this is followed by a component failure resulting in H2 leaking into the vacuum 
enclosure, this will result in a potentially combustible mixture. The shutdown pressure 
inside the vacuum enclosure is 0.25 psia. 
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enter the recirculation loop. A leak across the bellows will cause GH2 to flow into the 
water recirculation loop. The effect of these failures will be analyzed separately. Leaks 
externally into the vacuum enclosure can occur at the manifold seal or adjusting cap 
seal. After assembly the component attached to the manifold is proofed to 1 .5 times 
MDP and then tested for leaks at MDP using helium. 


7. Leakage from the exterior can result in pressurizing the vacuum enclosure to a 
pressure of 0.25 psia. If this is followed by a failure of the component resulting in 
leaking of H 2 into the vacuum enclosure, this will result in a potentially combustible 
mixture. The shut down pressure inside the vacuum enclosure is 0.25 psia. 
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Safety in the Use of Hydrogen 
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